Hemorrhagic thelohanellosis in two varieties of carp (Cyprinus carpio) caused by Thelohanellus hovorkai was investigated by experimental infection.
Hemorrhagic thelohanellosis, characterised by severe hemorrhages on the body surface, was first described by Yokoyama et al. (1998) in coloured carp (koi-carp), Cyprinus carpio. The causative organism, Thelohanellus hovorkai, is thought to have low pathogenicity in common carp. (Molnar and Kovacs-Gayer, 1986 ). Yokoyama et al. (1998) suggested that the manifesta tion of the disease was caused simply by a high intensity of infection, and that possible etiological factors respon sible for the apparent difference in susceptibilities could be due directly to varietal differences of the hosts, or to etiological differences, such as the density of infective actinosporean spores in ponds. Actinosporean stage corresponding to T. hovorkai was demonstrated to be aurantiactinomyxon in the oligochaete Branchiura sowerbyi (Yokoyama, 1997; Szekely et al., 1998) .
In the present study, we aimed to determine the critical factors that influence the onset of the disease, investigate the intensity of infection quantitatively by standardized enzymatic digestion, and determine sites of T. hovorkai development qualitatively by histologi cal observation.
Materials and Methods

Experimental design
A stock of specific-pathogen-free (SPF) one-year old coloured carp (average body weight 90.3 g; average body length 151.5 mm) and common carp (average body weight 72.6 g; average body length 143.5 mm) were reared in 5 tanks (800 l) with a flow-through water supply (average flow rate 300 ml/min) in Niigata Pre 
Results
Clinical observation
In coloured carp and common carp reared with B.
sowerbyi, typical signs of hemorrhagic thelohanellosis and mortalities were observed during 4th and 5th
weeks. The diseased fish were emaciated and anorexic beginning 2 weeks post-exposure. Thelohanellus hovorkai spores were detected in skin mucus in both coloured carp and common carp in all fish of the cohabitation groups at the 4th and 5th weeks postexposure. During the study period, 9 coloured carp and 8 common carp in the cohabitation groups died, with typical signs of the disease. On the other hand, neither clinical signs nor mortalities were observed in coloured carp exposed to effluent from the tank containing B.
sowerbyi, though some T. hovorkai spores were detected in skin mucus (8 out of 10 fish at the 5th week postexposure).
Neither clinical signs nor T. hovorkai spores in skin mucus were observed in control groups (Table 1 ). The number of B. sowerbyi in the tank with mud which supplied effluent for group 3 was found to be 786. Numbers of B. sowerbyi remaining in the mud were 6 and 0 in the groups 1 and 2 tanks, respec tively.
Intensity of infection with T. hovorkai
The number of spores recovered from coloured carp and common carp of the cohabitation groups was greater than that of coloured carp of the effluent group (Fig. 1) .
In diseased fish of the cohabitation groups, more than 50,000 spores were recovered from the ventral muscle and the kidney in the 4 and 5 weeks. This indicates that the severity of infection is similar among coloured carp and common carp. A few spores were recovered from the ventral muscle of coloured carp exposed to effluent at the 5 week.
T. hovorkai distribution in host fish
In coloured carp and common carp of the cohabitation groups, plasmodia of T. hovorkai were distributed (Figs. 2 and 3) , ventral muscle and gill tissues than in the dorsal muscle, kidney and heart. On the other hand, the gills were most frequently infected in the effluent group (Figs. 4 and 5) , although the density of spores was highest in the ventral muscle (Fig. 6 ). In the cohabitation groups, plasmodia with immature and mature spores occurred in thick and thin layers of the dermis, and in lesions in the subcutaneous, muscle and intestinal connective tissues. In the muscle and intestinal connective tissues mature plasmodia were observed at the 4 week, and spores matured by the 5 week. Mature spores dispersed from ruptured plasmodia to neighbouring tissues, and this was associated with inflammatory cell infiltration.
Discussion
In this study, the hemorrhagic thelohanellosis was experimentally induced in carp maintained with oligochaetes (B. sowerbyi) collected from a pond where the disease was enzootic. Yokoyama et al. (1998) reported that the prevalence of infection with Thelohanellus hovorkai actinosporeans in B. sowerbyi was 81% in June and 63% in July, 1996. Although the prevalence of infection with actinosporeans was not determined in the present study, the population of B. sowerbyi used was expected to be heavily infected with actinosporeans.
The fish kept with effluent from a tank holding B. sowerbyi might have been exposed to waterborne actinospores continuously throughout the 5 week-study period, yet hemor- Molnar and Kovacs-Gayer (1981 -82, 1986 ) reported that the sites of infection with T. hovorkai were connec tive tissues in various organs such as the swimbladder serosa, skin, intestine, gill arch connective tissues and kidney. In the present study, the sites of infection were basically similar to the results of Molnar and Kovacs -Gayer (1986) and Yokoyama et al. (1998) , but the distribution within fish hosts differed depending on the route of invasion. In coloured carp and common carp reared with B. sowerbyi, T. hovorkai plasmodia devel oped most frequently in the musculature of the intestine and intestinal connective tissues, gill arch connective tissue, dermis and epidermis of the skin at 4 weeks postexposure, and to a lesser extent, in hemopoietic tissue of the kidney and ventricular connective tissue of the heart. In the coloured carp exposed to the effluent containing waterborne actinospores, T. hovorkai plasmodia were found most frequently in the gills. Yokoyama and Urawa (1997) showed, using the fluorescent labelling technique, that the portal of entry of waterborne actinospores of T. horvorkai was mainly the gills. Hence T. hovorkai actinosporeans might have estab lished the infection just after penetration on the gills in carp exposed to the effluent. As the mode of entry of actinosporeans in the fish of the cohabitation groups could be through the gills as well as the intestine, it is likely that this resulted in the difference in pathology among the cohabitation and effluent groups. In the gills, plasmodia and spores were evident but no harmful effects were observed, probably due to the quick and easy extrusion of spores to the outside environment. In contrast, in more deeper tissues, spores may disperse through the capillary network, causing destruction of capillaries leading to hemorrhages and inflammatory cellular infiltrations. In this study, the method to determine intensity of infection with T. hovorkai was standardized, and the threshold that hemorrhagic thelohanellosis is manifested in infected carp was estimated to be 5 x 105 spores/g tissue. This level of intensity is similar in naturally diseased coloured carp in a culture pond (unpublished data by Yokoyama, Sugai, Liyanage and Wakabayashi).
To analyse the severity of hemorrhagic thelohanellosis quantitatively, our evaluation method could be applied in other experimental and field studies. Further studies are required to determine factors influencing the development of T. hovorkai, such as water temperature, dose of actinosporeans, and the route of infection using actinosporeans.
